It is not surprising, therefore, that analysis of Nubian skeletal material has attracted continuing attention since the work of Elliot-Smith, Douglas Derry, and F. Wood-Jones shortly after the beginning of the present century. Applying the then current typological approach to the material collected by the first Archaeological Survey of Nubia (1907-11) they believed that they had found important 'racial differences' in the Nubian populations at different times in history, most of which they expressed in terms of differing degrees of 'Negroid admixture' (ElliotSmith et al. 1910) . The same approach was taken in studies as recent as Strouhal (1971) who analysed 177 Badarian crania in an attempt to determine the time at which Negroid admixture occurred in Nubia; and Burnor and Harris (1968) who suggested Negroid-Caucasoid admixture at a much earlier Pleistocene date.
However, a substantial body of Nubian research has accumulated reflecting Myers's (1905) early criticisms of racial typology. Mukherjee, Rao and Trevor's (1955) re-analysis of the Nubian cranial material originally studied by Elliot-Smith and later by Batrawi (193s; 1946) showed no statistically significant differences between any of the predynastic and dynastic populations from Lower Nubia and Upper Egypt. Berry, Berry and Ucko (1967) , basing their conclusions on the distribution of non-continuous traits of the skull, could discover no discontinuities suggestive of large scale population movements. Greene's (1966) analysis of 16 discrete dental variants in Meroitic, X-Group and Christian remains from Wadi Halfa, similarly showed no significant differences between the three cultural periods. Carlson (1974) has recently made a study of Nubian temporal craniometric variations using data from lateral cephalograms of 240 Nubian crania ranging from A-Group (3400-2400 B.c.) to Christian (A.D. 550-1400) periods. Measurements were defined to reflect functional interrelationships in the skull. On the basis of principal components and discriminant function analysis, Carlson notes that the Nubian crania were 'quite similar' with respect to total craniofacial morphology but showed consistent time-dependent changes in the cranial vault and face. Carlson concludes :
Specifically, there was a tendency for the cranial vault to change from a relatively low, long shape in the earliest population to a more globular shape in the later populations . . .it appears that as the cranial vault became relatively more globular and more superiorly-anteriorly located, the face tended to be translated in an inferior-posterior direction (Carlson 1974: 219) .
The failure of Berry et al. and Greene to detect major genetic discontinuities in the Nubian remains as well as Carlson's suggestion of gradual diachronic change in cranial morphology are strikingly consistent with current archaeological interpretations. Archaeological analysis resulting from the International Campaign to Save the Monuments of Nubia, begun in 1960, failed to support earlier interpretations of Nubian history as a series of disconnected episodes each resulting from the arrival of new populations. According to Adams: So far as population is concerned, we have, notwithstanding earlier theories, no reliable evidence of any major or complete changes during the whole historic period. In the absence of such evidence, and in view of the obvious social and cultural continuity between most of the Nubian cultural phases, we must now adopt as a working hypothesis the idea that the Nubian population has remained basically the same since Neolithic times (Adams 1967: 17-18 ).
Problem
The purpose of this research is to determine patterns of craniometric variation in Meroitic, X-Group and Christian remains whose dental traits were previously analysed by Greene. This would allow a comparison of craniometric variation with the previous assessment based on discrete dental criteria and help to resolve the current controversy concerning continuity and change in the skeletal biology of Nubian populations. Secondly, an analysis of standard craniometric variables based on discriminant function and principal components techniques, bears directly on diachronic-functional interpretations such as Carlson's. If the morphological trends in vault and face identified by Carlson are indeed characteristic of the Nubian population, these trends should be demonstrable in Nubian crania not previously analysed by Carlson and should, to some extent, be demonstrable independent of Carlson's specific metric criteria.
Materials and methods Materials
Data used in the present study were collected from skeletal remains associated with the Meroitic ( Christian crania were selected for analysis. In order to include all principal sources of variation both males and females were represented in a I :I ratio for each cultural period.
Methods
The data were examined by discriminant function analysis and principal components analysis utilising the Biomedical Computer Programs BMDo7M and BMDoIM respectively (Dixon 1973) .
Results and discussion Discriwinant Function Analysis
The results of the discriminant function analysis of the Meroitic, X-Group and Christian crania are summarised in the classification and F matrix tables (tables 2 and 3). These results indicate that of the total 174 crania, 111 or 63.7% could be correctly assigned to their proper group. The probability that the differences reflected in the classification are due to random sampling error are less than one per cent. as indicated in the F matrix. Thus, while the discrimination between the cultural periods is quite poor, those differences that are reflected in the data warrant further consideration through inspection of the discriminant functions, or canonical variates. Inasmuch as the maximum number of canonical variates is one less than the total number of groups, only the first two canonical variates derived from the present data were analysed further. The distribution of the Meroitic, X-Group and Christian populations about the first (X) and second (Y)canonical axes is represented in figure I . Each group is bounded at the 95 percentile.
Overlap between the groups is extensive with all three group centroids (Meroitic = M, X-Group= X, Christian= C) occurring within the area of commonality. This degree of overlap is consistent with the low discrimination between groups and completely supports Greene's assessment of biological homogeneity based on discrete dental traits for the same crania. In this sense, there does not appear to be discordance between craniometric and discrete dental variables in the assessment of biological relationships between Meroitic, X-Group and Christian crania.
Beyond graphical representation, the calculation of eigenvalues and cumulative percentages (table 4) permits the determination of each canonical variate's contribution to the total discrimination. In addition, each measurement's contribution to each canonical variate is represented in the form of eigenvectors. Eigenvalues, cumulative percentages and scaled eigenvectors for the first two canonical variates are given in table 4. Eigenvectors were scaled using the technique described by Howells (1966) in order to correct for possible differences in scale and dimensionality between measurements. As is to be expected, the first canonical variate accounts for the majority (70%) of the intergroup discrimination. Centroid values of -.845, -658 and -a687 for the Meroitic, X-Group and Christian groups respectively indicate that variation along this axis contributes primarily to the discrimination of X-Group individuals. Measurements contributing primarily to this discrimination are palatal length and palatal breadth. The positive loading for palatal length in contrast to the negative loading for palatal breadth suggests a tendency in the X-Group remains towards a longer narrower palate in contrast to the Meroitic and Christian remains which are highly similar in this regard. While this tendency could be viewed as a more prognathic element in X-Group peoples resulting from Negroid admixture, the DENNIS P. VAN 
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extensive overlap between all three series argues against any major Negroid (or for that matter any external) incursion. Although the second canonical variate accounts for only 30% of the total discrimination between the series, the pattern of discrimination is interesting.
Centroid values of --582, --032 and -795 for Meroitic, X-Group and Christian groups, arrange the remains according to their temporal position. Morphological variation along this axis may, therefore, represent diachronic change within the Nubian population from 350 B.C. to A.D. 1400. Measurements contributing principally to the chronological sequencing of the remains along the second canonical axis are mandibular length and maximum cranial length. The positive weight given maximum cranial length in contrast to the negative weight for mandibular length, suggests a temporal trend within the Nubian population broadly similar to the trend observed by Carlson. In the Nubian population, facial projection as reflected in mandibular length is reducing in relation to total cranial length through time.
Both canonical variates considered together suggest that facial dimensions are a primary element in the discrimination of Meroitic, X-Group and Christian cranial remains. Greene and Armelagos (1972) have suggested a general trend towards dental size reduction in the Nubian population from Mesolithic to Neolithic times. Such a trend may well have continued through much of the Neolithic,contributing to facial reduction. Such reduction may not only affect dimensions of the palate but also mandibular length. The fact that all such dimensions do not follow a strict temporal progression may be due to the minor, periodic, effects of admixture. Certainly several evolutionary forces such as selection and genetic flow could be operating on the population through time.
Inasmuch as no major discontinuities could be detected within the Nubian remains partitioned by cultural period, the data were pooled and subjected to principal components analysis. In this way, the dependence structure governing patterns of intragroup variation could be investigated.
Principal components analysis
Principal components analysis starts with a set of observations or measurements obtained from a previously established sample. The procedure is then to analyse this set of observations from their intercorrelations to determine whether the variation between observations can be accounted for adequately by a number of basic categories of variation or principal components. The number of such principal components should be considerably smaller than the original number of variables. Principal components correspond, in this sense, to successively shortened orthogonal axes. They are linear combinations of the original variables which explain progressively smaller portions of the total within-group variation in a manner analogous to the derivation of canonical axes to explain between-group variation.
Principal components were calculated to determine the major sources of variation produced by the twelve measurements of the Nubian crania. Inspection of table 5 indicates that of the 12 principal components generated, the first two account for 59% of the total morphological variation with associated eigenvalues of 5.9489 and 1.1755. A rapid reduction in eigenvalue continues, producing values of less than one for components three through twelve. Following guidelines suggested by Goodman (1972) as well as our own previous research (Van Gerven 1972) , the reduction in eigenvalue below one warranted exclusion of components beyond the second from further analysis. Observation of the eigenvectors of the first component reveals that all twelve measurements are negatively correlated with the first principal axis. Common correlation of this sort is typical for the first component and, when associated with sign contrasts in later components, can be interpreted as a general growth or size factor (Jolicoeur 1963; Gould 1967) . The large percentage (49%) of the total morphological variation attributable to size in the Nubian remains reflects, to some extent, the representation of male and female elements, but more importantly demonstrates the extent to which a size effect, which is of questionable taxonomic value, cuts across metric representations typically used in taxonomic assessments.
There are a number of perturbations inherent in the interpretation of components beyond the first in principal components analysis. While sign contrasts in residual components may represent shape variation, this is not necessarily the case. Gould (1967) has suggested that while first principal components in biology tend to be size, others are not so much shape as they are uninterpretable. Part of this problem results from the orthogonality of the components. Because of this limitation, it is often the case that residual components fail to reflect biologically meaningful or interpretable dimensions. In order to avoid these problems, factor rotations are often performed. Interpretative problems do not, however, warrant the a priori rejection of residual principal components as inherently uninterpretable prior to rotation. In cases where unrotated residual components are conducive to interpretation, they can be of considerable value in morphometric analysis.
In the present analysis the second principal component, accounting for 10% of the total variation, is conducive to interpretation and, in general, supports Carlson's analysis of Nubian crania using the principal components technique. The eigenvectors for the second principal component suggest the general pattern of cranial vault expansion and facial reduction described by Carlson (1974) and suggested by canonical analysis in the present research. Of the measurements positively corre-lated with the second principal axis, maximum breadth of the vault, basionbregma height and auricular height, all show substantial loading. In contrast, endobasion-prosthion length, palatal length and mandibular body thickness all show substantial negative loading. The inclusion of mandibular body thickness with two measurements of facial length, lends further support to the suggestion that dental reduction may be contributing to this pattern.
Conclusions
In conclusion, the results of the present analysis of Nubian crania, utilising discriminant function and principal components techniques, revealed a general pattern of morphological continuity between Meroitic, X-Group and Christian cultural horizons consistent with the earlier investigations ofBerry et al., Greene, and Carlson. The general similarity between the results reported here and Carlson's interpretation based on different measurements of a different Nubian sample, lends further support to the characterisation of Nubian remains as representing a broadly homogeneous population undergoing an evolutionary trend towards facial reduction associated with increasing height and breadth of the cranial vault. This pattern of morphological continuity and change is consistent with the archaeological evidence for in situ cultural evolution.
